Introduction

27
AZ80 is one of the most successful commercial magnesium alloys with the high-performance 28 and high-strength, which has already been applied in the fields of aerospace, high-speed railway and 29 automobiles in recent years [1] [2] [3] . However, magnesium alloy exhibits poor plastic deformation at 30 room temperature owing to [the] hexagonal close-packed (HCP) structure with a limited number of 31 slip systems [4, 5] . [The] semi-solid forming (SSF) process as a new technology provides an effective 32 approach to manufacture magnesium alloy components with complex shape and high mechanical 33 properties [6, 7] . Compared to [the] conventional forging or casting forming, the SSF process can 2 of 13 methods], the SIMA process has high production efficiency and low equipment costs. This process 46 mainly includes two steps [, namely,] cold or hot deformation and subsequent partial remelting in the semi-solid [temperature] range. It was reported from the previous literature that more spherical 48 structure in AZ91D alloy semisolid slurry was obtained by the compression pre-deformed process as 49 SIMA process [14] . Many researches also introduced severe plastic deformation (SPD) to be another 50 effective SIMA approach for producing the semi-solid feedstock. Jiang et al. [15] 
54
repetitive upsetting-extrusion (RUE) was employed by Xu et al. [16] as the SIMA process [to] AZ91D 55 magnesium alloy; it was found that the subsequent semi-solid feedstock with an ideal structure 56 containing highly spherical and homogeneous solid grains. However, these [methods] are hard to 57 apply in industrial production due to complex operations. The extrusion process is a promising and 58 easy controlled method to obtain fine grains. And the coarse second phases with lower melting point 59 in original microstructure can be effectively crushed. This may hasten the evolution of globular 60 structure during [the] SSIT route, resulting in the high-quality semi-solid feedstock with more 61 spherical and smaller solid grains [3, 17] .
62
The rare-earth elements (RE), such as neodymium (Nd), gadolinium (Gd) 102
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where FS is the shape factor; n is the number of solid particles; A is the area of solid particles; P is the 104 perimeter of solid particles. Figure 1a shows the as-extruded AZ80 without Y addition,
110
the microstructure consists of equiaxed grains, and the average grain size is about 23.63 ± 2.52 μm.
111
As well known, the dynamically recrystallized (DRX) behavior is the dominant mechanism for 
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Continue to increase the holding time to 10 min, as shown in Figure 5 , the size of the majority of 188 solid particles became bigger in all alloys as a result of the Oswald ripening mechanism or the 189 coalescence of two adjacent solid grains, and the former was considered as the dominant coarsening 190 mechanism generally [11, 28] . Furthermore, the liquid droplets within solid crystals transformed to 
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Further prolonging the isothermal time to 20 min, as seen in Figure 6 , the average grain size and indicated by blue arrows in Figure 6 . This was also demonstrated by Xu et al. [16] and Chen et al. [30] 211 for the research on the semi-solid microstructure evolution of RUE-formed and ECPA-formed AZ91D [6, 22] . Moreover, the forming defects such as porosity, 258
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where Cα (r) is the atom concentration at the site with a curvature radius r; Cα (∞) is the atom 260 concentration at a flat interface; σ is the surface tension; VB is the volume of atom; T is the temperature
261
and kB is the shape coefficient.
262
According to Eq. (2), the smaller the curvature radius r is, the higher the atom concentration will 
274
The Gibbs free energy (∆G) could serve as the driving force for the grains growth [11] . 
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